Introduced species that become invasive alter the structural and functional organisation of the ecosystems of the host territories because of the absence of certain ecological locks. On a global scale, the consequences are very damaging for many key development-related sectors. Martinique, like all the islands of the Caribbean, is not immune to this phenomenon of biological invasion currently linked to greater globalisation. Among the potentially invasive introduced species and in the light of field observations, Funtumia elastica, native to tropical Africa, appears to have functional traits that could make it a species that is dangerous for local floristic diversity. Since no study exists in Martinique on the ecology of this taxon, we have set up a research protocol based on floristic surveys in various stations marked out by transects subdivided into quadrats. Using the data obtained, it has been possible to highlight the main features of the ecology of this species in terms of biodemography, ecological dominance, mesological affinities and of belonging to the different stages of vegetal succession.
Introduction
Man, through his diverse activities in space and time, has altered most planetary ecosystems (Bazzaz, 1983; Ulgiati & Brown, 1998; Dunn, 2010; Guariguata, 1990; Griffiths et al., 2014; Murcia et al., 2014) . The effects of anthropogenic impacts which are uneven in intensity and frequency have resulted in a loss or decrease in ecosystemic resilience, signified by the modification, to varying degrees, of ecological locks (Margono, Potapov, Turubanova, Stolle, & Hansen, 2014; Gunderson, 2000; Butchart et al., 2010; Gardner, Barlow, Sodhi, & Peres, 2010; Corenblit, Steiger, Gurnell, & Naiman, 2009; Weerman, Herman, & Van of Koppel, 2011) . In general, the hierarchical and complex organisation of the latter aims to ensure the processes of self-organisation: in particular the mechanisms of regulation and homeostasis (Deblauwe, Couteron, Lejeune, Bogaert, & Barbier, 2011; Schoelynck et al., 2012; Lawley, Parrott, Lewis, Sinclair, & Ostendorf, 2013; Levin, 2005; Lugo, 2013) . Aside from the loss of biotopes and species, human-induced deregulation frees up sites of installation and expansion which may be occupied by certain introduced plants according to their biological profiles [Crawley, 2009; Yang, Liu, Ren, & Wang, 2009; Peterson, 2001; Donlan & Wilcox, 2008 (Figures 1a & 1b) ]. Within the anthropised biosphere, in correlation with the regression of the ecosystems, the naturalised introduced species potentiate their capacity to use the mesological factors and become more and more competitive by increasing their demography (Peterson, Papes & Kluza, 2003; Taylor & Kumar, 2013; Ghahramanzadeh et al., 2013) . During the processes of invasion, these allochthonous taxa modify host habitats for the benefit of their regeneration (Bunn, Davies, Kellaway, & Prosser, 1998; Negussie et al., 2013; McNeely, 2001) . As a result, the competitive level of some autochthonous species is reduced while others disappear (Boudiaf et al., 2013; Denslow, Space, & Thomas, 2009;  Figure 2 ).
Invasive species are one of the major causes of biodiversity erosion (Hulme, 2009; Charles & Dukes, 2008) . Whatever humanised geographic space is considered, their demographic development appears to be one of the ecosystemic responses to human activities (Gurevitch & Padilla, 2004; Chapin et al., 2000) . For various reasons, humans have encouraged and still encourage many transfers of vegetal species between bioclimatic zones (tropical and temperate, for example) (Sakai et al., 2001; Gordon, 1998; Yan, Zhenyu, Gregg, & Dianmo, 2001; Hemp, 2008) . These taxa transfers were and are both accidental and intentional and correspond to the following groups of plants (Schofield, 1989; Richardson & Pysek, 2012; Reichard & White, 2001; Zohary, 2004; Duncan et al., 2004) : agricultural plants, ornamental plants, medicinal plants, dye plants, fruit plants, magico-religious plants (sacred plants), plants used for joinery, cabinet making and carpentry construction (Reaser et al., 2007) . Figure 2 . Dynamic of the erosion of autochtonous specific diversity (P. JOSEPH) Species that pullulate in the continental, insular and oceanic ecosystems of Africa, America, Asia and Europe create profound ecological disorders (Zimmerman et al., 2008; Daehler, 2006; Meyerson & Mooney, 2007) . The direct consequence is the qualitative and quantitative decline of the biocenotic resources impacting economic and societal development (Dawson, Burslem, & Hulme, 2009; Pimentel, Lach, Zuniga, & Morrison, 2000; Mack & D'Antonio, 1998; Holmes, Aukema, Von Holle, Liebhold, & Sills, 2009;  Figure 2 ). In the Caribbean, particularly in the Lesser Antilles, the phenomenon of biological invasion is also worrying as many imported species escape from gardens and agro-ecosystems and become naturalised in the natural vegetation (Kairo, Ali, Cheesman, Haysom, & Murphy, 2003; Kairo, Pollard, Peterkin, & Lopez, 2000; Cock, 1985;  Figure 3 ). In fact, they (these introduced species) develop all their phenological phases in the natural vegetation by adaptation to the biophysical factors: they thus acquire ecological autonomy and are called naturalised (Sakai et al., 2001; Norghauer, Martin, Mycroft, James, & Thomas, 2011; Maunder et al., 2008; Pejchar & Mooney, 2009;  Figure 3 ). In Martinique, among the potentially invasive plant species (Table 1) , Funtumia elastica (Apocynaceae) native to Africa (Howard & Powell, 1963; Sheil, Jennings, & Savill, 2000) presents an aggressive dynamic in degraded formations (open herbaceous, bushy or mixed environments) and in structured secondary forest formations [quasi-closed stratified sylva environments (Mwavu & Witkowski, 2009)] . The management of the populations of this species requires the knowledge of its life history with regard to its ecological plasticity. Based on transects in phytocenoses developing on various topographic facies and conditioned by specific bioclimates, the main ecological features of Funtumia elastica were characterised. 
Materials and Methods

Physical Context
Floristic surveys were performed at known sites of Funtumia elastica (Figure 4 ). These sites of varied topography (steep slopes, riparian terraces) are specified by mesological parameters such as temperature, pluviosity, nebulosity, evapotranspiration, insolation (Note 1), etc. (Table 2 ). The vegetal formations that develop there are essentially conditioned by the pluviometry, which is a major bioclimatic factor in the Lesser Antilles. They are therefore influenced by sub-humid humid (Case Navire: 13 stations, Figure 4 ) and humid [(Camp de Balata (3 stations, Figure 4 ) and Morne Surey (one station, Figure 4 )] bioclimates. The ecosystemic potentialities associated with these bioclimates are respectively tropical seasonal evergreen type forest and ombrophile sub-montane tropical lower horizon forest, some facies of which may resemble the tropical seasonal ombro-evergreen forest ecotone. At present, the research stations are of secondary formations and belong to several stages of the floristic succession: a poorly structured young secondary forest stage (two poorly individualised strata: canopy with low density and non-imbricated crowns), secondary structured forest stage (three well defined strata: canopy with fairly dense and non-imbricated crowns), pre-forest stage (more or less dense bushy matrix from which trees emerge at various stages of their morphogenetic development) and bushy stage. These dynamic stages correspond to different degrees of opening of the canopy in relation to the insolation of the intra-forest environment and therefore to multiple intra-vegetation environments. 
Main Botanical Characteristics of Funtumia Elastica
The species Funtumia elastica (Preuss) Stapf is native to tropical Africa and was long ago introduced to some English-speaking Lesser Antilles as a source of latex. In descending phylogenetic hierarchical order, it belongs respectively to the Tracheobionta Sub-kingdom (vascular plants), the Spermaphytes Superdivision (seed plants), the Magnoliopsida Division (the dicotyledons), the Gentianales order, the Apocynaceae Family and the Funtumia genus. This taxon of tree physiognomy type in adulthood is little known in the French Antilles. It was introduced between 1896 and 1897 and would be affine to humid and moderately humid environments (Howard, 1988 , Photos 1 and 2).
The leaves of Funtumia elastica, which often form plagiotropic twigs, are simple, opposite, lanceolate and petiolate ( Figure 5 , Photo 2). The multiple flowers are gathered in axillary cymes and produce, after fertilisation, fruits which consist of two ligneous follicles approximately 15 cm long and 5 to 7 cm wide ( Figure 5 ). The structure of the egret seeds encourages a long atmospheric lifetime, resulting in long-range anemochoric dissemination ( Figure 5 ). The largest diameters and heights of adult individuals in Martinique are typically between 30 to 50 cm and 30 to 35 m respectively (Photo 1).
Photos 1 and 2. Trunk and leaves of Funtumia elastica 
Data Collection and Analysis
The method chosen for this study falls within macroecology. The objective is to characterise the structural and functional dimensions of the different floristic stations and thus to elucidate the ecological profile of Funtumia elastica. Using transects subdivided into quadrats and depending on the minimum basal area (between 400 and 1000 m² ) (Note 2), we generated data that are both ecological and floristic descriptors ( Figure 6 ): species, numbers of individuals from vegetal species populations, from regenerations to mature specimens (biodemographic aspect), diametric classes (sections measured at 1.33 m above ground in accordance with international standards), height classes. -assess the distribution of the sections of the individuals, the architecture of the formations (height distribution) and the characteristics of the canopies, -evaluate phytomasses or biovolumes using the basal area, which corresponds to the sum of the areas of the circles that constitute the sections measured at 1.33 metres from the ground.
-learn the distribution of the species between the transect quadrats and between stations using the Index of Distribution which has the following formula: Id = fr × d [fr being the relative frequency and d (nb / sr) the density corresponding to the number of individuals of the species in question (nb) divided by the area surveyed (sr)]. Id is an index characterising the sociability class of the individuals of various species. These can be dispersed or gregarious.
-learn about the relative dominance of the vegetal species in relation to each other between the quadrats of the stations and between the stations by means of the Index of Dominance (ID). ID = Id × St (St: Basal area). Although regressive, the floristic units of the survey areas are little affected by anthropisation. As a result, they can be considered homogeneous in their evolution phase. This is apart from the windfalls, which from the point of view of the basal area of the various stations are marginal. In this context, the ID is sufficiently intelligible with regard to the competitive abilities of the taxa.
Comparison between stations and between species populations was possible by dint of Factorial Analyses of Correspondences (CFA) and Ascending Hierarchical Classification (AMP) (Note 3).
Results
Stational Differentiation Using Factorial Analyses of Correspondence (AFC) and Ascending Hierarchical Classification (CHA)
Based on the demography of the species of all the stations, the Factorial Analysis of Correspondence (AFC) allowed us to discriminate between the survey stations (18) and between the affine species (188) of the latter. We have retained only the results from axes 1 and 2 which combine the inertia maximum which is 29.67% (Figure 7) . Axis 1 contrasts the environments with specific mesological characteristics while axis 2 differentiates distinctively between stations belonging to topographic facies and to particular levels of ecosystemic evolution ( Figure 7 ). The majority of the Group C stations (FR1, FR2, FR6, FR7, FR8, FR12, FR13 & FRPJ) are located on riparian terraces and correspond to mesophilic or even meso-hygrophilic environments due to significant confinement ( Figure 7 ). In this same group C station 10, which is further uphill (inland), hosts a formation which is also hygro-mesophilic but on a slope. In the CB1, CB and CBJP (group A) sloping stations, the eco-climatic conditions are typical of tropical hygro-mesophilic or even tropical ombro-evergreen seasonal environments ( Figure 6 ). The MS station is located between groups A and C and is colonised by a hygro-mesophilic floristic group on alluvial terrace. Conversely, in group B the stations consist purely of xerophilic phytocenoses ( Figure  7 ). From the AFCs, it follows that the floristic survey stations CB1, CB2, CBJP and MS belong to the forest stage. Along with FR10, these stations are totally conditioned by the subhumid humid (FR10) and humid (CB1, CB, CBJP and MS) bioclimate whereas the mesophilic character of stations FR1, FR2, FR6, FR7, FR8, FR12, FR13 and FRJP results from a phenomenon of topographical correction of macro-climatic factors. In fact, at the level of the riparian terraces of confined valleys, the relatively higher hygrometry is due to the influence of the watercourse and the lower average annual insolation. Added to these elements is a greater depth of soil resulting from colluviation stemming from the erosion of the adjacent slopes. Of course, as well as the natural colluviation there has also been anthropogenic colluviation linked to past deforestation or selective harvesting. Figures 7 and 8b show two important features of the ecology of Funtumia elastica. Firstly, this species develops in humid biotopes (humid and subhumid humid bioclimates) and is therefore not present in dry environments (FR3, FR4, FR5, FR9 and FR11 stations) . Secondly, it is affine to successional stages ranging from pre-forest to advanced or late forest in both the forest matrix and the gaps. These two features identify in a global manner the main features of the eco-climatic profile of Funtumia elastica. Stations with a xeric tendency have therefore been removed from the contingency table because they are not suitable for installation and demographic growth. An Ascending Hierarchical Classification (CHA) has made it possible to single out two groups which correspond respectively to the hygro-mesophilic (A) and mesophilic (B) mesophilic stations, whatever the topographic facies (riparian terrace or slope, Figure 9 ). The degree of stational similarity in cluster A or cluster B is quite low and variable (Figure 9 ), indicating that Funtumia elastica is present in multiple floristic and populational combinations at varying levels of ecosystemic evolution. This species consequently presents a certain ubiquity with regard to the stations studied. Figure 9 . Classification of the Funtumia elastica stations based on their populational similarity (see Table 2 )
Prominence of Funtumia Elastica per Station and for the Set of all the Stations
The ID (Index of Dominance) (Note 5) calculated for all the species of the stations where Funtumia elastica is present makes it possible to highlight the predominant corteges (Table 3 ). In fact, the prominence of the populations (density and distribution) and their total biomasses (estimated using basal areas) gives a small group of species an ecological dominance. Although Funtumia elastica is present in all the stations, it is only part of the dominant cortege in 11 stations (Table 3 ). In the FR2 and FR8 stations, the populations of this species are reduced to poorly distributed regenerations and isolated adult individuals in a few quadrats: the overall set corresponding to a very low epigeous biomass. It should also be noted that the Funtumia elastica does not occupy the same position of prominence in the dominant floristic corteges of the stations (Table 3) . This is to be related to its ecology (Table 3) . On the other hand, for the totality of the stations (18 areas of floristic surveys), Funtumia elastica has a very high index of dominance (ID = 0.255, Table 4 ) relative to other species. In comparison with other species, the latter (the ID of Funtumia elastica) results from a large number of individuals (Ni = 1350) and a relative frequency (Fr) of 72% and total basal area (ST = 3.402 m² ) which are comparatively high. These descriptors (Ni, Fr) give this taxon (Funtumia elastica) the greatest density (d = 0.1304 individuals/m² ) and a good distribution (Id = 0.075) in the stations (between the quadrats) and between the stations (Table 4) . Table 5 and Figure 10 In comparison with other species, the result is a higher density (0.1034 individuals/m² ) and a greater distribution (Id = 0.075). The basal area (Note 6) (TS) of this allochthonous species is related to its high density which, combined with its high distribution (Id), gives it a greater ecological dominance (ID, Table 4 ). Figure 10 . Some stational indices of Funtumia elastica (see Table 2 )
Distribution of Diameters and Stratigraphic Position in the Stations
For each station, the sections of Funtumia elastica measured at 1.33 m show that the populations differ numerically. The 2.5 cm age group individuals are the most numerous, except for the CB1 and CB2 stations where the number of 5 cm class is relatively high (Figure 11 ). The stational populations of this species are not balanced because the mature specimens or specimens in the advanced phase of their morphogenetic development are few. They are often associated with seedlings and with regenerations that can become permanent. Despite the numbers, only the populations of CB1, CB2 and FRPJ stations seem to have a certain balance in the organisation of the classes of diameters ranging from 2.5 cm to 20 cm ( Figure 11 ). The heights corroborate the observations concerning the diameters, since there is a relation, even a complex one, between diameters and heights. Indeed, the most prominent stratigraphic class is made up of 1-8 m. Despite the unequal number of individuals, only the FR10, FRPJ, CB1, CB2, CBPJ and MS stations appear to have a balanced stratigraphic profile (Figure 12 ). Whether regarding diameters or heights, the differences observed are to be related to the biocenotic characteristics of the survey stations (Figures 11 & 12) : in particular, their levels of evolution to which the specific factorial conditions correspond. Figure 11 . Distribution of the diameters of Funtumia elastica according to station (see Table 2 ) Figure 12 . Distribution of the height classes of Funtumia elastica for each station (see Table 2 )
Discussion
The AFCs and the Ascending Hierarchical Classification (CHA) based on similarity [Pearson's correlation coefficient, (Benesty, Chen & Huang, 2008)] show that Funtumia elastica is affine to subhumid and humid biotopes. The latter are related to the macroclimate (CB1, CB2, MS, CBPJ and FR10 stations) or to topographic corrections inducing in particular in the bottoms of narrow dales or valleys of vegetation inversions (FR1, FR2, FR6, FR7, FR8, FR12, FR13 and FRPJ stations) . Significantly, the AFCs highlight differences in the physiognomies of the phytocenoses colonising study stations corresponding to precise stages of the vegetal succession ( Figure 13 ). This corroborates perfectly our observations on the ground. Indeed, Funtumia elastica may, with a variable demography, be part of the floristic combinations of the pre-forest or even bushy stage to the late secondary forest stage (mature forest). It appears to be more competitive in the pre-forest and young structured forest stages than in secondary forest. This is logical because in advanced forest formations the installation and expansion sites are much more specialised (the species are more antagonistic than competing). The mortality of Funtumia elastica is a feature to consider. In view of our observations, it varies according to age class ( Figure 14 ). In view of the first data recorded in this article, it is clear that Funtumia elastica is an extremely competitive species that in the future could become a dangerous vegetal pest for the autochthonous flora of the humid environments of Martinique and, more broadly, the Lesser Antilles. Figure 15 is a global, even rough, simulation of the likely installation environments of Funtumia elastica and was carried out by dint of a geographic information system (GIS) using the QGIS software (version 2.18.14). The main parameters used specific to the subhumid and humid bioclimates are pluviometry, temperature and altitude (Table 6 ). 
Conclusion
In the Lesser Antilles, among the mesological factors such as temperature, nebulosity, physical evaporation, evapotranspiration, humidity and insolation, pluviosity is the most significant because its altitudinal distribution defines the bioclimates and therefore the floristic staging. As a result, the annual rainfall pattern conditions the chorology of Funtumia elastica, which would be influenced by moderately humid and humid bioclimates. In general, the phenology (seed dispersal mode in particular) as well as the ecosystemic affinities (types of phytocenosis and dynamic stages) are significant parameters of the ecology of this introduced species. Given the potential for colonization of Funtumia elastica in humid and moderately humid biotopes, mechanical reduction seems to be the most effective and least expensive alternative.
